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Cosmological solution to the gravitational field equations in the generalized Randall-
Sundrum model for an anisotropic brane with Bianchi I geometry and perfect fluid as
matter sources has been considered. The matter on the brane is described by a tachyonic
field. The solution admits inflationary era and at a later epoch the anisotropy of the uni-
verse washes out. We obtain two classes of cosmological scenario, in the first case universe
evolves from singularity and in the second case universe expands without singularity.
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1. INTRODUCTION
The idea of cosmological inflation 1 is now largely accepted as a part of the stan-
dard model of big bang cosmology. It has been found capable of not only solving
the flatness, horizon and relic problems 2,3 but also supplying a mechanism for gen-
erating density perturbations 4,5,6,7 which play a critical role in formation of large
scale structures in the universe. On the observational front, inflation gets a good
deal of support from the Cosmic Microwave Background Radiation (CMBR) and
WMAP 8,9 data. Within the framework of General Relativity (GR), the large scale
uniformity of the universe in the presence of normal matter with positive pres-
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sure cannot be explained. The inflationary paradigm can successfully produces a
FRW-like universe.
GR sometimes becomes inappropriate while dealing with situations where the
energies are extremely high, e.g. in the case of the early universe. In such a situation
it is generally believed that the theory of gravity has to be modified such that in the
low energy limit we can get back the results obtained from standard GR. One such
theory of modified gravity that has been used extensively to study the high energy
cosmological situations in the early universe is the brane world gravity 10. One of the
first brane world models was proposed by Randall and Sundrum (RS) in an attempt
to solve the Hierarchy Problem 11 in particle physics. Inspired by Superstring and
M-theory, they considered that our universe is a (3+1) dimensional hypersurface
(known as brane) embedded in a higher (5) dimensional space-time called bulk
described by Anti-de Sitter (AdS) space characterized by a negative cosmological
constant. The RS single brane model 12 with a positive brane tension where the
second negative tension brane is sent off to infinity, has been used extensively as a
framework to study early universe cosmology 13,14,15,16. It is considered that only
the gravitational force is free to move into the bulk while the other natural forces are
confined to the brane only. Interesting to note in the present context that inflation
on the isotropic brane has been studied in details by Dvali and Tye 17 and Sasaki 18.
It is often sensible to consider anisotropic initial conditions for inflation 19. This
issue has been addressed widely both in GR and also in the brane. The energy
distribution of an anisotropic Bianchi I universe has been studied by Radinschi 20.
Maartens et. al. 21 have explored the behaviour of an anisotropic Bianchi type-I
brane world in the presence of a scalar field obtaining inflation even when large
anisotropy is present, infact, the amount of inflation increases in the presence of
anisotropy. A similar study has been done by Paul 22 where a new exact solution
to the Einstein Field Equations (EFE) in RS brane with Bianchi type-I spacetime
characterized by vanishing bulk Weyl tensor has been obtained. Due to the presence
of a term quadratic in energy density in the modified EFE in this context, there is
a modified behaviour of the early universe in contrast to the standard GR.
It has been shown by Sen 23 in the context of string theory that a pressureless
dust like matter is produced by an unstable decaying D-brane. Such tachyon con-
densate matter has an interesting equation of state (EOS) which may be described
by an effective field called tachyon field with a Lagrangian different from a scalar
field. Such a field may be used to study the role of an inflaton - the field responsible
for early inflation 24. This type of attempts have been made by some authors 25,26
for isotropic initial conditions.
In essence, in the present paper we consider anisotropic Bianchi type-I universe
on the RS brane with a tachyon field and study the cosmological evolution of the
brane at both low and high energies for either model considering a singular and a
non-singular universe.
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2. EINSTEIN FIELD EQUATION ON THE ANISOTROPIC
BRANE
This section is basically a review of the gravitational field equations on the 3-
brane 27 and it’s extension to the consideration of the cosmological isotropic FRW
brane 13,14 and more generally the anisotropic brane with Bianchi-I geometry 21,22.
The RS brane world model is inspired from the 11-dimensional theory of Horava
and Witten 28 on the orbifold R10XS1/Z2 where the Z2 or reflection symmetry is
employed. In this Horava-Witten model standard model particles are confined to
4-dimensional spacetime but the gravitons, the quanta for the gravitational field
have access to the full spacetime. RS simplied this to a 5-dimensional problem. The
study of the generalized RS brane in a cosmological context with the Friedmann
metric was first performed by Binetruy et al. 14 leading to a modification of the
general relativistic Friedmann equation which contains only the first order term in
the energy density. A fully geometric treatment of the RS brane model leading to
the general modified EFE on the brane was first given by Shiromizu et al. 27.
The EFE in the 5-dimensional bulk is given as
G
(5)
AB = κ
2
(5)
[
−g(5)ABΛ(5) + T (5)AB
]
, (1)
where the energy-momentum tensor in the bulk is T
(5)
AB = δ(y)[−λgAB + TAB ].
Using the junction condition of Israel 29 and considering Z2 symmetry, implying
the equality of quantities on the brane approaching from the + and - side, the
modified EFE on the brane becomes
Gµν = −Λgµν + κ2Tµν + κ4(5)Sµν − Eµν . (2)
The gravitational constant k and effective cosmological constant Λ on the four
dimensional brane are respectively given by
k2 =
1
6
λκ4(5),
Λ =
|Λ5|
2
[(
λ
λc
)2
− 1
]
, (3)
where λc is the critical brane tension which is defined as
λc = 6
|Λ5|
κ25
. (4)
Both the effective cosmological constant and gravitational constant on the brane
are determined by the brane tension. In the original RS picture the 5-dimensional
bulk cosmological constant is fine tuned with the brane tension to give zero effective
cosmological constant on the brane. However, in the generalized RS picture, as
considered in our case, there is a non-zero cosmological constant on the brane.
The major modifications to the EFE are encoded mainly in two terms:
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• Sµν leads to quadratic terms in the matter energy-momentum tensor given by
Sµν =
1
12
TTµν − 1
4
TµαT
α
ν +
1
24
gµν
[
3TαβTαβ − (Tαα )2
]
, (5)
where T = Tαα . Here it is to be noted that Sµν contributes only at high energies
when ρ > λ.
• Eµν is the projection of the bulk Weyl tensor on the brane responsible
for the transfer of gravitational effects from the bulk to the brane. We define
a unit vector nA normal to the surface. The induced metric on the brane is
given as gAB = gAB
(5) − nAnB . The Weyl projection on the brane is given as
Eµν = C
(5)
ACBDn
CnDgAµ g
B
ν which is symmetric and traceless. It has no components
orthogonal to the brane.
All the local and the non-local bulk corrections may be written in a compact
form where the modified EFEs take the standard form:
Gµν = −Λgµν + κ2T totalµν , (6)
where T totalµν = Tµν +
6
λSµν − 1κ2Eµν .
We take uµ to be the four-velocity comoving with matter. The projection into
the comoving rest space is given as hµν = gµν + uµuν .
The effective total energy density, pressure, anisotropic stress and energy flux
are 13
ρtotal = ρ
(
1 +
ρ
2λ
)
+
6U
κ4λ
,
ptotal = p+
ρ
2λ
(ρ+ 2p) +
2U
κ4λ
,
pitotal =
6
κ4λ
Pµν ,
qtotalµ =
6
κ4λ
Qµν , (7)
where U = −κ2λEµνuµuν6 is the effective non-local energy density on the brane,
Pµν = −κ
2λ(hαµh
β
ν− 13hαβhµν)Eαβ
6 is the effective non-local anisotropic stress and
Qµ =
κ2λhαµEαβu
β
6 is the effective non-local energy flux on the brane that car-
ries Coulomb and gravito-magnetic effects from the free gravitational field in the
bulk 13,21.
The brane energy-momentum tensor and the overall effective energy momentum
tensor are both conserved separately. Here we shall consider the case of a Bianchi-I
brane geometry which is a simple generalization of Friedmann-Robertson-Walker
(FRW) brane geometry introducing anisotropy in the geometry.
An anisotropic brane-world model with Bianchi type-I space is considered. The
Bianchi-I brane has the induced metric:
ds2 = −dt2 +
3∑
i=1
R2i (dx
i)2, (8)
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and is characterized by
Dµf = 0, Aµ = ωµ = 0, Qµ = 0, R
∗
µν = 0,
where Dµ is the projected covariant spatial derivative, f is any physically defined
scalar, Aµ is the four-acceleration, ωµ is the vorticity and R
∗
µν = 0 is the Ricci
tensor of the 3-surface orthogonal to uµ.
The conservation equations reduce to
ρ˙+ Θ(ρ+ p) = 0,
U˙ +
4
3
ΘU + σµνPµν = 0,
DνPµν = 0, (9)
where a dot denotes uν5ν , Θ is the volume expansion rate, σµν is the shear.
The directional Hubble parameters are defined by
Hi =
R˙i
Ri
,
and the mean expansion factor a = (R1R2R3)
1
3 . One gets the expansion rate
Θ = 3H = 3
a˙
a
=
3∑
i=1
Hi. (10)
The average anisotropy expansion is given by
A =
1
3
3∑
i=1
(4Hi
H
)2
. (11)
We are not able to obtain the evolution equation for Pµν as there can be no
closed system of equations on the brane, i.e. without the bulk equations, the brane
dynamics cannot be determined. For the bulk geometry to be conformally flat as in
the case of FRW branes, we set U = 0 as σµνPµν = 0.
For the metric (8), using vanishing of R∗µν , it is obtained via integrating the
shear-contracted Gauss-Codazzi equation on the brane that:
σµνσµν =
3∑
i=1
(Hi −H)2 = 6Σ
2
a6
, Σ˙ = 0, (12)
and the anisotropy parameter becomes
A =
Σ2
H2V 2
, (13)
where V = a3.
We now use equation (12) to obtain generalized Friedmann equation for the
Bianchi-I brane which is given by
H2 =
8piG
3
ρ
(
1 +
ρ
2λ
)
+
Σ2
a6
+
Λ
3
. (14)
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We replace here κ2 by 8piG. One recovers the field equation corresponding to the
FRW brane when anisotropy Σ = 0 14, in the presence of a cosmological constant
Λ.
3. COSMOLOGICAL SOLUTION
The matter content in the universe is a minimally coupled tachyon field ψ = ψ(t)
on the brane.
The energy momentum tensor describing the tachyon field on the brane is given
by
Tµν = − V (ψ)√
1− ∂αψ∂αψ
∂µψ∂νψ + gµν
(
− V (ψ)
√
1− ∂αψ∂αψ
)
, (15)
where the energy density and pressure 30 are obtained as
ρψ =
V (ψ)√
1− ψ˙2
, (16)
and
pψ = −V (ψ)
√
1− ψ˙2, (17)
where 12 ψ˙
2 and V (ψ) represent the kinetic and potential energies respectively.
The equation of motion for the tachyon field 30 is given as
ψ¨
1− ψ˙2 + 3Hψ˙ +
V ′
V
= 0, (18)
where ‘over dot’ and ’prime’ are denoting differentiation with respect to time and
ψ respectively.
In order to obtain a cosmological solution we consider the simplest case of a
tachyon field with constant potential V (ψ) = V0 =constant. Putting this in Eq.
(18), we obtain
ψ˙ =
1√
1 + Ca6
, (19)
where C is the constant of integration. The first Friedmann equation on the brane
can now be obtained by plugging the value of ρ in Eq. (14) in terms of the scale
factor using Eqs. (16) and (19) as
H2 =
(
a˙
a
)2
= H20 +
η
a3
+
η1
a6
, (20)
where H20 =
Λ
3 +
κ2V 20
6λ , η = ±κ
2V0
3
√
C
and η1 =
κ2V 20
6λC + Σ
2. We shall consider solu-
tions with only the positive root at first, calculating the corresponding anisotropy
parameter A and tachyon field ψ for the obtained solution. Then we shall study the
modification in the anisotropy on replacing the positive root by the negative root
in the final expression for A.
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We have assumed that
√
1 + Ca6≈1. This approximation is reasonable as in the
very early universe, before inflation, the scale factor a(t) is very small. In order to
obtain the solution for the scale factor we substitute y = ln a(t). This gives from
Eq. (20) as follows:
dy
dt
= ±
√
H20 + ηe
−3y + η1e−6y. (21)
Solving the above differential equation the scale factor is obtained as
a(t) =
[
B
4H20
e3H0t +
η2 − 4η1H20
4BH20
e−3H0t − η
2H20
] 1
3
, (22)
where B is the integration constant and the scale factor depends on the brane
tension λ. Depending on the values of the integration constant B, which can be
determined from the boundary condition we consider two different cases of singular
and non-singular universe.
3.1. Singular universe
Singular solution is obtained for B±=η ± 2H0√η1. The corresponding scale factor
for integration constant B+ has the form
a(t) =
[
η + 2H0
√
η1
4H20
e3H0t +
η2 − 4η1H20
4(η + 2H0
√
η1)H20
e−3H0t − η
2H20
] 1
3
. (23)
We now study the solution for both low energy limit (GR) as well as high energy
limit (brane) in the next subsection.
3.1.1. Low energy limit
GR from the RS brane model is revisited when we consider V0λ → 0. In this limit the
coefficients of the terms in the scale factor take the form as follows: H20 =
Λ
3 , η =
κ2V0
3
√
C
and η1 = Σ
2.
The scale factor for the corresponding coefficients in the low energy limit turns
out to be
a(t) =
[(
κ2V0
12
√
CH20
+
Σ
2H0
)
e3H0t +
(
κ2V0
12
√
CH20
− Σ
2H0
)
e−3H0t − κ
2V0
6
√
CH20
] 1
3
.(24)
Putting the above value of scale factor in Eq. (19) we get the time variation of
the tachyon field ψ as
ψ˙ =
1√
1 +
[(
κ2V0
12H20
+ Σ
√
C
2H0
)
e3H0t +
(
κ2V0
12H20
− Σ
√
C
2H0
)
e−3H0t − κ2V0
6H20
]2 . (25)
Accepted for publication in IJMPD
8
The above equation is not integrable in general. So, in order to get a solution
for the tachyon field we consider the case in which the term inside the bracket in
the denominator of the equation dominates. The solution of ψ can be written as
ψ = ψ0 − 2
3
√
CΣ
tanh−1

(
κ2V0
6H20
+ Σ
√
C
H0
)
e3H0t − κ2V0
6H20
Σ
√
C
H0
 . (26)
The anisotropy parameter as given in (13) turns out to be
A =
9Σ2
[ κ
2V0
2
√
CH0
sinh(3H0t) + 3Σ cosh(3H0t)]2
. (27)
The variation of the anisotropy parameter A(t) with time for this case is shown
in Fig. 1.
Now taking zero anisotropy we set Σ = 0. In this case the scale factor becomes
a(t) =
[
κ2V0
6
√
CH20
] 1
3
sinh
2
3 (
3
2
H0t). (28)
The corresponding time variation of the tachyon field is obtained as
ψ˙ =
1√1 +{κ2V0C 52
6H20
} 1
3
sinh4( 32H0t)
 . (29)
The above equation again in general is not integrable. So, in order to get a
solution for the tachyon field we consider the case in which the term 1 in the
denominator of the above equation is very small w.r.t. the other term under root.
Then the solution can be written as
ψ = ψ0 −
coth( 3H0t2 )(
κ2V0C
5
2
6H20
) 1
3
3H0
2
. (30)
3.1.2. High energy limit
In this limit the brane effects become important, when V0λ →∞.
The coefficients of the scale factor turn out to have the form, H20 =
κ2V 20
6λ , η =
κ2V0
3
√
C
and η1 =
κ2V 20
6λC + Σ
2.
As V0λ →∞ so the negative exponential term becomes vanishingly small.
The scale factor a(t) is given here by a(t) =
[
η+2H0
√
η1
4H20
e3H0t − η
2H20
] 1
3
, which
finally can be expressed as
a(t) =
[(
λ
2
√
CV0
+
√
1
4C
+
3λΣ2
2κ2V 20
)
e3H0t − λ√
CV0
] 1
3
. (31)
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Fig. 1. A(t) vs t for Singular low energy case +
√
C (left panel) and −√C (right panel)
The anisotropy parameter (A) is given in this case by the equation
A =
Σ2
H20
(
λ
2
√
CV0
+
√
1
4C +
3λΣ2
2κ2V 20
)2
exp (6H0t)
. (32)
From the above equation it is evident that there will be inflation even with a
large initial anisotropy. The variation of the anisotropy parameter A(t) with time
for this case is shown in Fig. 2.
We can consider two possible cases here:
Case (i) 14C  3λΣ
2
2κ2V 20
which implies Σ2  κ2V 206λC .
In this case using the initial condition for a singular universe a(t = 0) = 0, we
obtain Σ2 = κ
2λ
6C , which leads the constraint
V 20
λ2  1.
Case (ii) 14C  3λΣ
2
2κ2V 20
which implies Σ2  κ2V 206λC .
In this case using the initial condition for a singular universe a(t = 0) = 0, we
obtain the condition V 20 = λ
2.
If we consider Σ2  κ2C2V03λ , the scale factor is given by the simple de Sitter
solution
a(t) =
1
(4C)
1
6
eH0t. (33)
The corresponding tachyon field obtained by putting the above expression for
the scale factor in Eq. (19) is
ψ = ψ0 −
tanh−1
(
1
2
√
4 + e6H0t
)
3H0
. (34)
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Fig. 2. A(t) vs t for Singular high energy case +
√
C (left panel) and −√C (right panel)
Now we consider an alternative solution in the high energy limit for the integra-
tion constant B− = η − 2H0√η1 = κ2V03√C
[
1− 2V0λ − 3Σ
2C
κ2V0
]
.
This gives a corresponding scale factor
a(t) =
[
κλ√
C
{
1
2
(
1− V0
λ
− 3Σ
2C
κ2V0
)
e3H0t − 1
}] 1
3
. (35)
The corresponding anisotropy parameter in this case is given by the equation
A =
4CΣ2
H20κ
2λ2
(
1− V0λ − 3Σ
2C
κ2V0
)2
exp (6H0t)
. (36)
The variation of the anisotropy parameter A(t) with time for this case is shown
in Fig. 3.
In this case also two possible situations can be considered using the singular
initial condition:
Case (i): V0λ  3Σ
2C
κ2V0
which implies Σ2  κ2V 203λC .
In this case using the initial condition for a singular universe a(t = 0) = 0, we
obtain Σ2 = κ
2V0
3C ,which leads the constraint
V0
λ  1, same as the one obtained in
the case for B+, taking the positive root only.
Case (ii): V0λ  3Σ
2C
κ2V0
which implies Σ2  κ2V 203λC .
In this case using the initial condition for a singular universe a(t = 0) = 0, we
obtain the condition V0 = λ, which is again same as the one obtained in the case
for B+, taking the positive root only.
In the RS model the brane tension is taken positive for the single brane model
and hence for B+ the constant potential may be either positive or negative but for
B− the constant potential must always be positive.
Accepted for publication in IJMPD
11
Fig. 3. A(t) vs t for Singular high energy case B−,±√c
3.2. Non-singular universe
For a non-singular universe with a(t = 0) = a0, the integration constant B has the
form
B = 2H20a
3
0 + η ± 2H0
√
H20a
6
0 + η
3
0 + η1. (37)
We obtain a simplified solution with the condition, η2 = 4η1H
2
0 . Applying this
condition, with the above value of integration constant B, the scale factor (22) takes
the form
a(t) =
[(
a30 +
η
2H20
)
e3H0t − η
2H20
] 1
3
. (38)
3.2.1. Low energy limit
In this limit the values of the coefficients remain same as in the case of singular
universe. The scale factor in the low energy limit takes the form
a(t) =
[(
a30 +
κ2V0
6
√
CH20
)
e3H0t − κ
2V0
6
√
CH20
] 1
3
. (39)
The anisotropy parameter A is given by
A =
Σ2
H20
(
a30 +
κ2V0
6
√
CH20
)2
exp (6H0t)
. (40)
There is inflation despite large initial anisotropy and the anisotropy is washed
out exponentially with time. The variation of the anisotropy parameter A(t) with
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time for this case is shown in Fig. 4. The corresponding tachyon field has the form
ψ(t) = ψ0 − 1√
3
2 (κ
2V0 + 6H20 )
ln
[
1
e3H0t
{
κ4V 20
18H40
+ 2 +
(
−2
√
Ca30
κ2V0
6H20
− κ
4V 20
18H40
)
e3H0t
+2
[(
1 +
κ4V 20
36H40
)(
Ca60 +
2a30
√
CκV0
6H20
+
κ4V 20
36H40
)
e6H0t +
(
2a30
√
CκV0
6H20
− κ
4V 20
18H40
)
e3H0t
+
κ4V 20
36H40
+ 1
] 1
2
}]
. (41)
It is to be noted that the cosmological solution is free of anisotropy but depends
on the brane tension.
Fig. 4. A(t) vs t for Nonsingular low energy case +
√
C (left panel) and −√C (right panel)
3.2.2. High energy limit
In this limit also the coefficients have the same form as in the case of singular
universe in high energy limit. The scale factor, again found to be free of anisotropy
as in the low energy limit turns out to be
a(t) =
[(
a30 +
λ√
CV0
)
e3H0t − λ√
CV0
] 1
3
. (42)
The anisotropy parameter A is given by
A =
Σ2
H20
(
a30 +
λ√
CV0
)2
exp (6H0t)
. (43)
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The variation of the anisotropy parameter A(t) with time for this case is shown
in Fig. 5.
Fig. 5. A(t) vs t for Nonsingular high energy case +
√
C (left panel) and −√C (right panel)
There is inflation despite large initial anisotropy and the anisotropy is washed
out exponentially with time just like in the low energy limit.
4. DISCUSSIONS AND CONCLUSION
We obtain a class of cosmological solutions for Bianchi-I geometry in generalized RS-
II brane model with non-zero cosmological constant on the brane. We have studied
inflation with a tachyon field, first in an universe evolving from a singularity and
then in a non-singular universe. In both the cases the potential for the tachyonic field
is taken as constant. The solutions are obtained in the low and high energy limiting
conditions corresponding to the dominance of GR and brane effects respectively.
We have plotted the evolution of the anisotropy parameter with time and we
find that in each case the anisotropy parameter drops down to almost zero value
implying the washing out of the anisotropy resulting in an almost isotropic universe
as observed today. As the value of the constant C is lowered, the anisotropy pa-
rameter drops to zero more rapidly at earlier times. The evolution is however not
identical for both positive and negative value of η.
In the singular low energy case there is a clear difference in the dropping of the
anisotropy parameter as compared to the other cases, as in this case the anisotropy
parameter first rises to a maximum and then drops off to zero rather than decreasing
monotonically. The maximum shifts towards zero value of time for lower value of
C with the maximum in anisotropy increasing very sharply. This is an interesting
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feature arising out of the tachyon field behaviour in the low energy limiting case
where the field could not be obtained in general but under a special condition. It
is to be noted that the initial anisotropy starts off with a much lower value in the
high energy limit of an universe evolving from a singularity.
The value is considerably many orders of magnitude lower in this case for the
integration constant B−. For a non-singular universe the initial anisotropies have
identical initial values in both the energy limits as expected in the absence of an
initial singularity. For positive η the initial value of anisotropy parameter is exactly
identical for GR and brane in the case C = 1 and for negative η also it is almost
identical in both the limiting energy cases. However, in the brane limiting case the
value of C has to be lowered considerably as compared to the other cases in order to
get any difference in the behaviour of vanishing of anisotropy. For universe evolving
from singularity initial value of anisotropy is few orders of magnitude lower in the
brane limit for positive η and many orders of magnitude lower in the brane limit
than in GR limit for negative η. For a singular universe, the difference in initial
anisotropies is more apparent in the limiting energy cases as well as difference in
sign of parameter
√
C associated with the tachyon field.
Thus, one can note that in the present study we are able to show that evolution
from anisotropy to isotropy is attained via inflation with a tachyon field for both
universes evolving from an initial singularity and non-singular.
Acknowledgments
BCP and SR are thankful to the Inter-University Centre for Astronomy and Astro-
physics (IUCAA), Pune, India for providing Visiting Associateship under which a
part of this work was carried out. RS and PP are grateful to the IRC, North Bengal
University for allowing a short term visit with all the working facilities.
References
1. A.H. Guth, Phys. Rev. D 23 (1981) 347.
2. K. Sato, Mon. Not. R. Astron. Soc. 195 (1981) 467
3. K. Sato, Phys. Lett. B 99 (1981) 66.
4. S.W. Hawking, Phys. Lett. B 115 (1982) 295.
5. A.A. Starobinsky, Phys. Lett. B 117 (1982) 175.
6. A.H. Guth and S.Y. Pi, Phys. Rev. Lett. 49 (1982) 1110.
7. J.M. Bardeen, P.J. Steinhardt and M.S. Turner, Phys. Rev. D 28 (1983) 679.
8. C.L. Bennett et al., Astrophys. J. Suppl. 148 (2003) 1.
9. H.V. Peiris et al., Astrophys. J. Suppl. 148 (2003) 213.
10. R. Maartens and K. Koyama, Living Rev. Relativity 13 (2010) 5.
11. L. Randall and R. Sundrum, Phys. Rev. Lett. 83 (1999) 3370.
12. L. Randall and R. Sundrum, Phys. Rev. Lett. 83 (1999) 4690.
13. R. Maartens, Phys. Rev. D 62 (2000) 084023.
14. P. Binetruy, C. Deffayet, U. Ellwanger and D. Longolis, Phys. Lett. B 477 (2000) 285.
15. E. Papantonopoulos, Lect. Notes Phys. 592 (2002) 458.
16. D. Langlois, Prog. Theor. Phys. Suppl. 148 (2003) 181.
Accepted for publication in IJMPD
15
17. G. Dvali and S.-H.H. Tye, Phys. Lett. B 450 (1999) 72.
18. M. Sasaki, Pramana - J. Phys. 63 (2004) 785.
19. C.B. Collins and S.W. Hawking, Astrophys. J. 180 (1973) 317.
20. I. Radinschi, Acta Phys. Slov. 50 (2000) 609.
21. R. Maartens, V. Sahni and T.D. Saini, Phys. Rev. D 63 (2001) 063509.
22. B.C. Paul, Phys. Rev. D 64 (2001) 124001.
23. A. Sen, JHEP 0204 (2002) 048.
24. A. Sen, JHEP 0207 (2002) 065.
25. M. Sami, Mod. Phys. Lett. A 18 (2003) 691.
26. B.C. Paul and D. Paul, Int. J. Mod. Phys. D 14 (2012) 10.
27. T. Shiromizu, K. Maeda and M. Sasaki, Phys. Rev. D 62 (2000) 024012.
28. P. Horava and E. Witten, Nucl. Phys. B 475 (1996) 94.
29. W. Israel, Nou. Cim. XLIV B (1966) 1.
30. B.C. Paul and M. Sami Phys. Rev. D 70 (2004) 027301.
